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Formation of synapses requires coordinated localization of pre-
and postsynaptic elements at prospective sites of innervation. In the
developing vertebrate muscle, motor axons grow together through
the central region of the muscle and then extend individual branches
that synapse with myoﬁbers. Acetylcholine receptors (AChRs) aggre-
gate in apposition to the presynaptic nerve terminals, and the
result is a band of neuromuscular junctions (NMJs) at the central
zone of muscle ﬁbers. Genetic and molecular studies in mice have
established that the Agrin–MuSK–Rapsyn pathway controls neuro-
muscular synapse formation. Prior to forming mature synapses, AChR
cluster accumulate at presumptive postsynaptic region, through an
Agrin and nerve independent mechanism. This process of AChR
prepatterning is conserved in vertebrates, but the function of such
prepatterned AChRs, as well as the mechanism by which AChR
aggregation is initially initiated, remains elusive. We have previously
identiﬁed mutants of the zebraﬁsh unplugged/MuSK gene, and have
shown that this gene controls motor axonal guidance and neuro-
muscular development through two protein isoforms activating
divergent downstream signaling pathways (Zhang et al., 2004;
Lefebvre et al., 2007). Here, we examine the function of AChR
prepatterning in synapse formation and the mechanisms that initiate
this process. We propose a model by which ligand activation of the
unplugged/MuSK receptor polarizes postsynaptic muscle ﬁbers,
thereby initiating AChR prepattern and also directing motor growth
cones.
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The production of midbrain dopamine neurons in the laboratory is
a leading example of the potential of stem cell-based therapies in
medicine. To optimize methods for the differentiation of dopamine
neurons from stem cells, we need a more precise understanding of
their embryonic development. Previous studies suggested that
dopamine neuron fate is induced by the ﬂoor plate and the
morphogen, shh. Using a genetic labeling method, we demonstrate
that, contrary to previous studies, dopamine neurons are derived from
the shh-expressing cells of the ﬂoor plate. The forkhead factor, foxa2,
is expressed in the ﬂoor plate and we show that it is necessary and
sufﬁcient for the development of dopamine neurons but not more
laterally derived neurons. Foxa2 continues to be expressed in
dopamine neurons in the adult mouse brain. In old foxa2 hetero-
zygous mutant mice, we observe the spontaneous appearance of
motor deﬁcits; this movement disorder is accompanied by a loss of
dopamine neurons. A loss of dopamine neurons is characteristic of
Parkinson's disease (PD) and additional features of the dopamine
neuron loss in mutant mice are reminiscent of PD. This is the ﬁrst
mouse model of spontaneous, dopamine neuron degeneration in old
age. Targeting the survival function of the foxa2 gene may prove
important in stem cell-based and pharmacological approaches to
dopamine neuron disease. Stem cell biology, embryology, and this
animal model of PD suggest that foxa2 is a critical gene at multiple
times during the “molecular biography” of dopamine neurons.
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